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Introduction
Sleep disturbances are a common problem among institutionalised older people (Alessi and Schnelle 2000) . Studies have shown that this population experiences prolonged sleep latency (Fetveit and Bjorvatn 2002) , increased fragmentation and wake after sleep onset , more disturbed circadian rhythms (Ancoli-Israel et al 1997) and night-day reversal (Ancoli-Israel et al 2002) . In one actigraphic study of 19 older nursing home patients, subjects rarely spent a complete hour 'asleep' (Jacobs et al 1989) .
Research into factors which might contribute to these sleep disturbances has painted a complex picture. At one level, sleep disturbances among institutionalised older people are linked to individual changes associated with 'normal' ageing. Older people, for example, spend much less time in slow wave sleep (Whalley 2001; Bliwise 2005) . The suprachiasmatic nucleus has also been shown to deteriorate with ageing and contribute to detrimental changes in circadian rhythms (Ancoli-Israel et al 2002; Dijk et al 2000) .
At another level, authors such as Alessi and Schnelle (2000, p. 47) have suggested that environmental factors play a key role and that "sleep problems are more common and more severe in nursing home residents than would be expected based on increased age alone". These . One study of 230 incontinent nursing home residents found strong evidence that sound was associated with 27% of nocturnal awakenings and there was an average of 5.1 light changes per night across all homes (Schnelle et al 1998) . These nocturnal disturbances and disruptions are then exacerbated by the fact that "large amounts of time are spent in bed during daylight hours and social cues to help structure the day/night sleeping cycle may be lacking" (Alessi and Schnelle 2000, p. 49) .
Despite this complexity, few studies have attempted to isolate environmental factors from individual factors -focusing instead on individual or environmental factors. In one notable exception, Martin et al (2008) compared sleep patterns in residents in an assisted living facility to sleep patterns in home-dwelling older adults. However, this study included only 19 matched individuals and, by the authors own admission, larger studies are required. The present paper examines the complex relationship between individual and environment, adding to our understanding of the role that the institutional care environment plays in older, non-demented, residents' sleep disturbance. It does this by comparing actigraphically recorded rest/wake patterns in 122 non-demented institutional care residents to rest/wake patterns in 52 older community dwelling poor sleepers; whilst controlling for individual differences (such as age, gender, level of dependency and level of incontinence care).
Methods
The a priori hypothesis for this study is that institutional care facility residents experience more fragmented rest-wake patterns compared to community dwelling older poor sleepers (and that this difference cannot be explained due to individual differences). Data comes from two arms of a 4 year UK study entitled 'SomnIA: Optimising quality sleep among older people in the community and care homes'. Arm one recruited 183 residents from 10 institutional care facilities in the South East of the United Kingdom.
Subjects were excluded if they had severe ill health or moderate/severe dementia (as determined by the care facility manager), were unable to give written, informed, consent or were considered unable to complete the study measures (which included a 14 day, interview based, sleep/activities diary).
Arm two began with a representative survey of community dwelling older adults (n=2400), drawn from 10 general practices in South East England (with equal numbers of men and women and those All participants continued their normal sleep/wake routine throughout the study and no restrictions were placed on activities, food or drink. Both arms of the study were approved by various ethics committees and conformed to international ethical standards (Portaluppi et al 2008) . Due to noncompliance or missing data, the analysis set comprised a total of 122 (87 women; mean age 85; sd 7.97) institutional care residents from 10 care facilities and 52 older community dwelling poor sleepers (24 women; mean age 74; sd 6.87).
Actigraphy
All participants were asked to wear actiwatches (Cambridge Neurotechnology Ltd, [CNT] Cambridge, UK) for 14 days. Watches were set to collect data at 1 minute epochs and were calibrated using standardised equipment from CNT prior to use. A recent review paper (Morgenthaler et al 2007) , identified ten studies which reported the use of actigraphy in the analysis of circadian rhythms in ageing and dementia, and one study showed it to be useful in assessing sleep in nursing homes. rest/wake pattern, and "reflects the normalized difference between the most active 10-h period and the least active 5-hour period in an average 24-hour pattern" (Dowling et al 2005, p. 5) . Finally, iv) the mean level of activity during the average 24 hour period.
Dependent Variables
Actigraphy scores any missing data as zero and, because of this, these dependent variables can be significantly affected by the absence or presence of missing data. The IS, for example, is calculated as the "ratio between the variance of the average 24-hour pattern around the mean and overall variance" (Van Someren et al 1997, p.957) . The IV is calculated as "the ratio of the mean squares of the difference between successive hours . . . and the mean squares around the grand mean" (Van Someren et al 1997, p. 957-958) . Further to this, because these variables work on a 24 hour average, data needs to be removed from the analysis in 24 hour blocks (for example, if there is missing data on Monday 9:00-10:00, then Monday 9:00 am to Tuesday 8:59 am must be removed).
Within the present study, two distinct 'types' of missing data were identified; i) substantial periods of missing data (usually including missing data at night) and; ii) smaller periods of missing data (which usually related to bathing). All actograms were visually read and periods of missing data > 6 hours were identified and data removed in 24 hour blocks. However, in order to retain as much data as possible, variables were created both with and without periods of missing data < 6 hours. Results derived from the two analyses of missing data were then compared and, in the event of significant difference, periods of missing data were removed in 24 hour blocks. Individuals needed to have at least 120 hours (5 days) of valid actigraphy data to be included in the analysis. Further to this, as studies have shown that the Interdaily Stability is not always robust when based on 7 days of data or less (whereas other actigraphic circadian rhythm variables are), 'hours of valid data' was also used as a control in all models (Van Someren 2007).
Data Management -institutional care groupings
Whilst the community group comprised 52 older community dwelling poor sleepers, the number Tests were run to ensure that this regrouping did not violate the assumptions of independence (Rasbash et al 2008) ; as individuals within one facility can be more alike, on average, than individuals from another facility. Bivariate correlations between the 10 institutional care facilities and IS, IV and RA were non-significant. Significant relationships were noted for 'Mean Activity Levels' but this was explained by the presence of a single, 'outlier' institution. As such, institutional care residents could be grouped together without violating assumptions of independence.
The four residence type groups (community, care facility group 1, care facility group 2, care facility group 3) were then interrogated to see if they complied with assumptions of normality and equal variance (homoscedascity). Outliers (with high leverage) were removed, leaving the three institutional care groups and the community group with a normal distribution for IS, IV and Mean Activity. RA was normally distributed for three of the four groups. Unequal variance between groups existed with each of the four dependent variables
Statistical analysis
The a priori hypothesis for this study is that care facility residents experience more fragmented rest-wake patterns compared to community dwelling older poor sleepers (and that this difference cannot be explained by individual differences). Statistical techniques were therefore needed to enable comparisons between community and the three institutional care groups to be made whilst controlling for possible individual level characteristics, namely age, gender and level of dependence. Statistical techniques also needed to enable groups to be compared whilst conditioning for unequal variance (heteroscedascity). The 'residency type' fixed effects were treated as random in the model to examine and control for heteroscedascity (with a categorical variable we cannot estimate the covariance with the intercept, so the covariance terms in the matrix were set to 0). Importantly, these full models calculate the main deviations as if the four groups were matched on age, gender, level of dependency, level of incontinence, and number of regular medications, ensuring that observed differences reflect effects of the residence type, and not the resident composition.
Results Table 1 provides descriptive information for the community sample and for the 10 institutional care facilities. However, these unconditional models do suggest that institutional care residents experience more fragmented rest/wake patterns. All three institutional care groups had a significantly higher (worse)
Insert Table 1 about here
Intradaily Variability (IV) and a significantly lower (worse) mean activity level than the community group. All of the institutional care groups had significantly lower (worse) relative amplitude (compared to community -see Table 2 ); suggesting that they have less difference between their peak and nadir (or highest and lowest levels of activity).
Insert Table 2 about Here
Models including all independent variables (labelled as 'full' in the table), and which conditioned out and controlled for the effects of 'individual' level variables, confirm these results. Although the magnitude of the difference diminishes, institutional care groups remain significantly different from the community reference group for IV, RA and mean level of activity (after controlling for heteroscedascity). For example, the mean difference in activity levels between the community and institutional care group 2 is 63.
It should be noted that, whilst they all differ from the community reference group, there is little difference between the three institutional care groups in IV, RA and Mean Activity (Table 2) . Table 2 also enables examination of the differences in amount of variance between groups (see the figures under (b) in the table). It can be seen, for example, that with IS, IV and mean activity, there is much more variance within institutional care group 3 (which is a group of institutional care facilities which do not belong to a single provider).
Discussion
This paper has examined actigraphic data collected from 122 non-demented institutional care residents (across 10 institutional care facilities; regrouped into three categories) and 52 community dwelling poor sleepers. It has illustrated how significant differences exist between non-demented institutional care residents and community dwelling older adults in 'intradaily variability', 'relative amplitude' and 'mean level of activity'. These results suggest that institutional care residents have a much more fragmented rest/wake pattern -and a less clear cut differentiation between nocturnal and daytime movement. Within the top half of the table, two models are presented for each dependent variable. Unconditional (un) models include the 'residence' type independent variables only. The figures listed for community are the mean. All other figures listed represent 'mean' deviation from the reference category. For example, an IV value of 0.438 is higher and therefore worse (reference = 0.855; gr 1 = 0.855 + 0.438 = 1.293). Full models include all independent variables. Within these models the four groups were matched on age, gender, level
As

